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ASTROBIOLOGY REU PROGRAM

Summer Research Experiences for
Undergraduates (REU) program in Astrobiology
at the SETI Institute

Funded by National Science Foundation

11 students spend 10 weeks at the SETI Institute
each summer, working on astrobiology research
projects with SETI PI's at both SETI and NASA

Ames Research Center

Program funds student travel, stipend, housing, field
trip to Hat Creek Radio Astronomy Observatory and
Lassen Volcanic National Park, and partial funding
for publications and student conference presentations



NAI DDF CONTRIBUTION

Funded 4 additional students for the summer
2007 SETI Institute Astrobiology REU program

Two students worked with researchers at the
SETI Institute

Two students worked with researchers who were
part of the NASA Ames Research Center NAI
Team

This collaboration helped bring the two teams
closer together, and exposed members of both
teams to the science being done in both places



SUMMER OVERVIEW

1st week of program

Introductory lectures on various topics in astrobiology (i.e. origins of
life, formation of solar system, search for intelligent life)

Required trainings in lab safety, computer safety, and sexual
harassment prevention

Week-long field trip to Hat Creek / Lassen
2 days at Lassen with Dr. Rocco Mancinelli, focus on extremophiles
and biology
2 days at Hat Creek doing radio astronomy with Jill Tarter using the
Allen Telescope Array
Visit to Turtle Bay Discovery Museum led by Edna DeVore to look at
exhibit design, EPO

Program also includes a graduate school panel

Tips on how to apply to grad school
Info on how to become researchers in the field of astrobiology



STUDENT TALKS

During summer, each student gives one 20-
minute “journal club” presentation

Present a research article to rest of group

Practice doing public talks
At end of summer, each student gives a longer
talk on their summer research project.

Present the “big picture” scientific importance

Focus on their personal contribution to the research
Some students are also chosen by mentors to

submit abstracts to professional conferences, or
as co-authors on journal articles to be published



NAI-FUNDED STUDENTS,
OVERVIEW

Teresa Cadarette: worked with Scott Sandford
and Rachel Mastrapa of the ARC NAI Team

Elizabeth Frank: worked with Jean Chiar at the
SETI Institute

Andrew Honma: worked with Janice Bishop at
the SETI Institute

Amanda Smith: worked with Jay Skiles and
Hector D’Antoni of the ARC NAI Team



TERESA CADARETTE

Mentors: Rachel Mastrapa, Scott Sandford
Institution: Scripps College, CA
Chemistry major, junior

Project: Teresa made infrared laboratory
measurements of the spectra of ices suspected to be
present 1n the solar system.



TERESA’S RESEARCH

Teresa used a cryo-vacuum system to measure the
binding energies of methane, nitrogen, and water ice
systems.

She deposited mixtures of methane and nitrogen with
water ice at progressively higher temperatures, until
infrared absorption features were no longer seen
spectroscopically

She observed how the area of these infrared features
varied with temperature, and estimated sublimation
rates, residence times, and binding energies for these
volatiles

These results will help us understand the behavior of
volatile species on icy surfaces in the solar system and
beyond
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ELIZABETH FRANK

Mentor: Jean Chiar

Institution: Rensselaer Polytechnic Institute
(NY)

Interdisciplinary Science major (geology /
astrobiology), sophomore

Project: Elizabeth used telescopic data to study
1ces 1n star-forming regions.



ELIZABETH’S RESEARCH

Used spectroscopic data taken by the Infrared
Telescope Facility in Hawaii to study CO and
water ices 1n interstellar dust clouds

Complement to Spitzer Space Telescope data,
which looks at CO, in star-forming regions

Processed spectral data in regions of interest

Removed atmospheric absorption, smoothed
spectra, fit to a continuum

Looked at correlations of abundance with optical
depth 1n dust clouds

This work will help track the evolution of CO and
H,0 in dust clouds into solar systems
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ANDREW HONMA

Mentor: Janice Bishop, Adrian Brown
Institution: University of Hawaii
Biology major, junior

Project: Andrew compared multi-spectral
measurements of the surface of Mars to
laboratory data.



ANDREW’S RESEARCH

Andrew used data from the Compact
Reconnaissance Imaging Spectrometer for Mars

(CRISM) instrument on the Mars
Reconnaissance Orbiter (MRO) spacecraft

He looked for evidence of Phyllosilicates (Clays),
which form in the presence of water on Earth

Made laboratory measurements of phyllosilicates

such as montmorillonite, and compared them
with spectral data from CRISM



Mawrth Vallis — 43EC
Possible Montmorillonite
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AMANDA SMITH

Mentors: Jay Skiles, Hector D’Antoni
Institution:University of Virginia
Geology / Earth Science major, junior

Project: Amanda studied paleoclimatology to
investigate climate conditions early in Earth’s
history.



AMANDA’S RESEARCH

Amanda studied satellite data from South
America taken over a 20 year period, to help
predict past climates and therefore study future
climate change and its effect on ecosystems

She combined satellite data with ground
monitoring station data

Satellite: Normalized Difference Vegetation Index

(NDVI) data, acquired from the Advanced Very High
Resolution Radiometer (AVHRR) NASA PAL
database for the period 1982-2001

Ground: tree rings, sea surface temperatures
Amanda developed a new time-saving method to

automatically extract data for all monitoring
stations from the satellite data



Locations of 122
monitoring sites

AVHRR vegetation map
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RESULTS OF SUMMER

Teresa gave an excellent talk on her project at
the 2007 Fall AGU meeting in San Francisco

Amanda presented a poster of her work at a
summer student conference at NASA Ames
Research Center

Drew will be submitting the results of his project
to the 2008 LPSC conference in Houston, TX

Elizabeth will be a co-author on an upcoming
paper



SURFACE BINDING ENERGIES OF
N,, CH,, AND H,0-ICE SYSTEMS




Introduction

The past provides a larger time windows for
climate studies that, in time, will enable better
predictions of future climates. Thus, to understand
the effects of a changing climate on the biosphere,
climates of the past must be predicted.

What affects climate?

The forcings (volcanic, orbital, and solar), change
the dynamics in the Sun-Earth energy exchange.
These introduce varations in temperature,
precipitation, atmospheric and ocean circulation.
Some of these effects are El Nifio and La Nifia,
which are phases of the southern oscillation. All
these factors combine and affect the Net Primary
Production (NPP) of an ecosystem.

Understanding past ecosystems and the effects of a
changing climate is crucial to understanding how
the Earth’s future environments will react to these
changes. For this research, South America is being
used as an analog due to its vast biodiversity,
derived from its large climate gradients.

2National Hispanic University, San Jose, CA
3NASA-Ames Research Center, Moffett Field, CA

Using GIS to analyze the vegetation index (NDVI) in South America

Amanda D. Smith', Jeanette Zamora?, Hector D’Antoni®, and J.W. Skiles®
Northwest Missouri State University, Maryville, MO/SET] Institute REU Program

Abstract

In order to study the Net Primary Production (paleo-NPP) of past ecosystems, various
datasets must be collected and processed We used the Normalized Difference Vegetation
Index (NDVT) values that were recorded via the Advanced Very High Resolution
Radiometer since 1982, To extract these data, monitoring sites were georeferenced using
the geographical information systems software: IDRISI and ESRI’s ArcView. A raster
file was then created for monitoring sites and used to extract the vegetation index from
NDVT satellite files. This extracted data provide key information for predicting past
ecosystems and determining patterns in the vegetation index over a temporal distribution.

Methodology

Monthly 8km resolution Normalized Difference
Vegetation Index (NDVI) data were acquired
from the Advanced Very High Resolution
Radiometer (AVHRR) NASA PAL database for
the period 1982-2001.

Figure 1. AVHRR-NDM vegetation map for the year 2000.
Negative values represent low NDVI, while positive values
represent high values.

Methodology

Monitoring sites were previously selected based on the presence of eight major
ecosystems located in South America. These eight systems were previously classified

ding to the domi tation types as follows:
Subantarctic and Andean vegetation of high mountains, bush and grass steppes, tropical
and subtropical deciduous forests, savannas and palm vegetation, tropical and subtropical
evergreen forests, dry forests, southern forests, and riparian forests.

Figure 2. Monitoring sites (122 sites)
were selected based on eight major
vegetation groups found in South
America.

GIS Analysis

To combine ground data with remote sensing data, GIS mapping software were used.
+ The geographic coordinates for the South American monitoring sites were
usedto create a GIS layer
+ AVHRR-NDVI vegetation maps were spatially referenced to the same extent
* Araster file was created from the GIS layer containing the monitoring sites

Ground dat:

ree ring data
Sea Surtice Temperature NOv

AVHRR: ‘

Figure 3. Ground data and remote

sensing data were combined using GIS
to create several outputs.

NDVI Extraction

AVHRR-NDVI vegetation data were extracted
based on the geographic coordinates of the 122
monitoring sites. These values were exported into
a text file. These extracted datasets will be used
for predicting past ecosystems.

Figure 4. Geographic
coordinates of 122
monitoring sites were

AVHRR-NDVI data

Conclusions

This project provided further data for
predicting past ecosystems. This extraction
technique eliminated a time-consuming
procedure, in which NDVI vegetation values
were extracted for each monitoring site
individually. This project provided a technique
in which all sites could be extracted in
conjunction.

The extracted datasets will be used as a key
parameter in predicting past ecosystems
These  NDVI  values represent the
concentration of vegetation in an ecosystem
at a given time and location
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For further information

Please contact hdanfoni @mail.arc.nasa gov. More
ion on this and other can be obtained
tamesteam. arc.nasa. i
Additional information on NSF-funded SETI REU projects
canbe found atwww.sefi.orghen
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